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AGRICULTURAL METHODS WITH 
SUPERHEATED STEAM 

This is conlinuatioD-in-part of Ser. No, 08/642^34, filed 
May 3. 1996 pending, 

HELD OF THE INVENTION 

The present invention generally relates to superheated 
steam for agricultural uses, and more particularly relates to 
delivering superheated steam in the field in fiimigating, 
weeding, defoliating, and drying applications where the 
superheated steam is selectively delivered above and/or 
below the soil such as with a portable apparatus. 

BACKGROUND OF THE INVENTION 

Selective defoliation of a field growing crop such as grape 
vines has long been known as a desirable practice. Thus, for 
example, U.S. Pat. 2,865,135, issued Dec. 23, 1958, inven- 
tors Gamboni et al. discloses a grape leaf stripping mecha- 
nism to strip the leaves from grape \ines by a mechanical 
apparatus rather than manual defoliation. The apparatus 
disclosed by this patent uses a pair of beaters to efifect the 
defoliation. 

More recently, the University of California publication on 
Grape Pest Management (2nd Edition, 1992, publication 
3343) notes that among the practices for disease control are 
the removal of basal leaves from vines approximately two 
weeks after bloom. This practice reduces Boirytis bunch rot 
and produces a superior wine grape in many North Coast 
vineyards, and has also been reported to reduce first- 
generation leaf hoppers. The pubhcation notes that most leaf 
removal is presently done by hand, but that mechanical 
systems are being developed and used by several growers. 
(Supra, xi.) 

Removal of basal leaves on grape vines also permits the 
grape clusters to hang free and allows light penetration for 
coloring and budwood development, and allows air and 
chemical spray penetration for reducing molds, moisture, 
and insect infestation. Leaf removal has proven to produce 
a better acid/sugar ratio in ripening berries, and thus results 
in better quality wines and/or juices. 

Manual defoliation is, obviously, labor intensive and thus 
tends to be costly. In addition, manual defoliation when 
performed shortly after fruiting tends to bruise the very 
small berries in the fruit cluster. Further, manual defoliation 
tends simply to displace pests such as leaf hoppers to the 
adjacent, remaining leaves where they can continue to wreak 
their damage and subsequently can return to the fruit cluster. 

The presently known mechanical means for defoliating 
are disadvantageous because those that blow air or pull a 
vacuum tend to damage the berries by brui.sing or removing 
the berries themselves. 

Another problem area for cultivated fields and crop main- 
tenance such as vineyards particularly in California are that 
typical soils contain nematodes that feed on roots, which 
reduce root cfiScicocy. Nematode infestation of vineyards arc 
manifested by reduced vigor and yield with slight yellowing 
of leaves because nematode- infected vine roots are unable to 
meet above-ground demands for nutrients and water. 

Preplant fumigants such as methyl bromide profoundly 
affect nematodes, and current advice for preparing a new 
vineyard includes the application of a nematicide such as 
methyl bromide {Grape Pest Management, supra, p. 290). 
However, methyl bromide has been implicated in harming 
the ozone layer. As a consequence, considerable environ- 
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mental pressure has been building against its use. 
Nevertheless, in February 1996, the California Senate voted 
to delay a proposed ban on the ozone -depleting fumigant, 
methyl bromide, until the end of 1997. A reason for delaying 
5 the proposed ban was due to lack of effective alternatives for 
agriculture in soil pest control, particularly for crops such as 
strawberries. 

On small scale soil treatments, nurseries have been able to 
use steam as a sterilant for minimizing fungal infections. 

10 Thus, bedding plant nurseries have been able to grow 
seedlings in steam sterilized soils. But such small scale soil 
treatments are not presently practical or possible for in the 
field use. Further, the steam used is not a very efiBcient 
process, since it involves for example, temperatures close to 

15 212° F 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows a side view of a superheated steam deliv- 
20 ering apparatus useful in practicing aspects of the invention; 

FIG. 2 shows a block diagram of the superheated steam 
delivery portion of the superheated steam delivery appara- 
tus; 

FIG. 3 shows a cross-sectional view of a steam generator; 
2^ FIG 4 shows a cross-sectional view of a steam separator; 
FIG, 5 shows a top view of the steam separator shown in 
FIG 4; 

FIG. 6. shows a cross-sectional view of a superheated 
3Q steam generator and control system; 

FIG. 7 shows a cross-sectional view of a nozzle as a 
means for distributing superheated steam as embodied in the 
invention; and 

FIG. 8 shows a perspective view of knives as another 
35 means for distributing superheated steam as embodied in the 
invention. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide in the 
field agricultural uses of superheated steam that may be 
selectively delivered for applications such as fumigation, 
weeding, defoliation, and drying. ITiese objects are achiev- 
able through use of a portable apparatus capable of deliv- 
ering superheated steam at selected locations to plants or soil 
in agricultural fields. Superheated steam may be delivered to 
trcUiscd plants, such as, for example, grapes and berries, 
while delivery to soil is useful, for example, for a wide 
variety of plant cultures, including strawberry fields and 
vineyards. 

In one aspect of the present invention, an agricultural 
method for in the field use comprises the selective delivery 
of sufEcient superheated steam to soil in a field to kill 
undesired organisms. The undesired organisms can be 

55 insects, whether in adult or larval fonn, and worms, such as 
nematodes. The undesired organisms can also be weeds. The 
superheated steam is preferably delivered at a temperature 
above about 250" F,, and can be delivered adjacent to the soil 
surface (above ground) or can be by penetrating the soil to 

60 deliver the superheated steam therein. 

In another aspect of the present invention, a method for 
defoliating plants, preferably grape vines, is provided 
whereby superheated steam is delivered to basal leaves. 
When treating grape vines, the superheated steam is pref- 

65 erably delivered adjacent to developing grape berries within 
a desired volume, or envelope. The desired envelope has a 
characteristic dimensional size within which the treating 
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Steam has a temperature range sufi5cient for defoliation, but against field growing plants in a manner analogous to a 

which surprisingly does not damage the grape berries them- horizontal picking rail of grape harvester truck shakers, 

selves. which move along the trellis and address the trunk and grape 

In yet another aspect of the present invention, a method stakes below the cordon height level. A defoliation embodi- 

for treating raisin grapes or prune plums is provided to 5 ment of the invention will first be described, followed by a 

decrease time of drying on the cane or tree prior to harvest. description of some alternative embodiments, useful as for 

Other objects and advantages of the invention will treating soil in accordance with the invention, 

become apparent upon reading the detailed description and FIG. 1 illusu^tes a superheated steam delivery apparatus 

as set out in the appended claims. 10 as embodied in the invention being used, for example, to 

^ , „ ^ . „ r , . in defoliate a vine 2, tree, shrub or the like. The apparatus 10 

Detailed Description of the Preferred Embodmicnt gencraUy comprises a superheated steam delivery portion 12 

Broadly, the invention involves the selective delivery of mounted on a hitch or portable frame 14, wherein said frame 

superheated steam for a variety of agricultural applications. engages the ground through wheels 16 or by other similar 

This selective delivery of superheated steam has been made means such as track type treads. The frame 14 can be hitched 

possible by a particularly preferred apparatus, which will be with a tractor (not shown), for example, to move the 

illustrated as the best mode contemplated for carrying out superheated steam delivery portion along a row of foliage 

the present invention; however, other apparatus capable of for superheated steam treatment purposes. Although as 

generating superheated steam may be used so long as the shown the superheated steam delivery portion 12 is mounted 

superheated steam is delivered at the temperature or tem- on a trailer, it shaD be understood that such portion can be 

peralure ranges necessary for practicing aspects of the an integral part of a tractor, truck or moving vehicle. The 

invention. portable frame 14 may also include a rail, or ski, (not 

The preferred apparatus for use in practicing the invention illustrated) extending from the frame which can be adjust- 

includes a portable frame, a water reservoir mounted on the ably moved against the field growing plants 2 of a construc- 

frame and defining an upstream end of a fluid passageway tion and in a manner analogous to that known for the rails 

carried by the frame, a first chamber disposed along the fluid 25 of grape harvesters. 

passageway downstream of the reservoir, which includes a The superheated steam delivery portion 12 of the appa- 
heater operable to convert water being flowed from the ratus 10 includes a means for selectively distributing super- 
reservoir and through the chamber into steam, a second heated steam to a desired location, such as nozzle 20 which 
chamber disposed along the fluid passageway and of a has a pattern of orifices through which the superheated 
construction sufiScient to receive steam at a first temperature steam is distributed and thus delivered to a particular plant 
range downstream of the first chamber and to heat the for which treatment is desired. The nozzle is generally held 
received steam to within a second (elevated) temperature a selected distance from the foliage 2 such that the foliage 
range so that steam is superheated, and an outlet adapted to is exposed to the flow of the superheated stream. The 
deliver a flow of superheated steam from the second cham- characteristics of the superheated steam are important if 
ber. 35 optimum defoliation is desired while damage to the berries 
One particularly preferred application in accordance with or other fruit avoided, but optimum characteristics of the 
the invention is to defoliate grape vines. Bccau.sc the heat of superheated steam will vary and depend on the type of plant 
superheat can be generally U-ansformed into work without and the time of leaf growth to which treatment is being 
forming moisture, the use of superheated steam cflScicntly applied. 

permits application of high temperature but relatively low 40 For example, if defoliation of grapevines is desired soon 
velocity flows in the vicinity desired for such application, after berries are forming while the adjacent leaves are young 
such as adjacent to developing grape berries without bruis- and thus tender, it is preferable that the superheated steam 
ing or damaging the berries themselves, yet while accom- flowing outwardly from the nozzle be delivered approxi- 
plishing efiBcient defoliation. By contrast, were one to use mately 12 to 15 inches in height and within a temperature 
steam that was not superheated, then the developing berries 45 range of 250° P. to 500** F. at such height but al a flow less 
would be subjected to bruising and other damage. Further, than 60 psi. This requires that the temperature of super- 
normal (wet) steam cools rapidly so that were one to try to heated steam be raised in the second chamber (a superheat- 
direct wet (not superheated) steam towards foliage, little or ing steam generator) to higher than the 250** F. to 500** F. 
no leaf removal would be achieved. range of actual delivery. In order that the selective delivery 
The preferred apparatus for superheated steam delivery 50 of superheated steam to the desired location be at this range, 
has a portable frame that is of sufficiently small dimensions the superheated steam emerging from the superheated steam 
and not overly heavy so as readily to be moved over a field generator 28 should be at a temperature of at least about 
of growing plants (where the agricultural application is to 300** R, typically in a temperature range of from about 300** 
deliver superheated steam adjacent to leaves of above- F. to about 800° F, and at a pressure range of about 5 PSI 
ground plants, for example). Present day vineyards on the 55 to about 60 PSI. 

west coast of the United States typically grow grape vines on This technique of applying a flow of superheated steam 

trellises (e.g. cordon trained grapes). Vine rows are fre- having desired characteristics to a field of grapevines has 

qucnlly spaced about 8-12 feet apart in the United States many benefits. For instance, defoliating of basal leaves 

(and more narrowly in Europe). Grape growers pull various allows grape clusters to hang free so that developing fruits 

apparatus down the vine rows by tractor during the growing eo are free of wind damage and the bloom is not rubbed away, 

season and at harvest. Thus, a preferred apparatus embodi- Leaf removal also allows more light penetration for coloring 

ment typically has the frame width designed to fit vineyard and budwood development. Leaf removal further facilitates 

rows down to about 8 feet wide, which arc analogous to the penetration of air and chemical spray for reducing molds, 

dimensions of frames used for grape gondolas and machine moisture and insea infestation. Moreover, defoliating of 

grape harvesters. 65 leaves has resulted in producing better acid/sugar ration in 

Preferred embodiments of the invention include a rail, or ripening berries, thus resulting in better quality wines and 

ski, extending from the frame and adjustably moveable juices. 
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Although the just described apparatus is particularly use- mixtiu'C to flow within the sieam generator thus exposing the 

ful for defoliation of basal leaves on grape vines, it can water therein to the heat from the continuously flowing hot 

readily be used to direct superheated steam adjacent to the gas mixture. As a result, steam is generated at the output of 

area where root slock has been grafted to the desired grape steam generator. In the preferred embodiment, steam at 

variety. Stray suckers or canes sometimes tend to grow from 5 superheated steam generator output is at a tempcraUire of 

the root stock below the graft point, and the inventive about 300*^ F. to 7(X)'' F. (or higher) and at a pressure of about 

apparatus can be used to remove these undesirable suckers 5 to 60 PSl. 

by apphcation of the superheated steam. The number, size Although in the preferred embodiment the vapor pro- 

and shape of distributing orifices in nozzle 20 thus will vary duced at the output of the steam generator 24 is at a 

for such different uses lo relatively high temperature, typically about 80 percent of it 

Other applications ' include applying the superheated f steam and about 20 percent is water droplets by weight, 

steam to the soil surface to kiU undesired organisms such as \ prektt^d to remove most of the water droplets before 

weeds and to the upper layers of soil as it is turned over to vapor undeiBoes a superheatmg steam process Hence, 

fumigate the soQ. In this application, the nozzle 20 wiU the vapor from the steam generator output is fed to the steam 

preferably be replaced by one or a plurality of tines, or 15 f P'^^'"^ 26 along hne 42. Water droplet removal is pre- 

knives in which orifices mav be vertically aligned for ^"=1"'^ "^""^ ^ffi^^^'ly heat, the steam 

superheated steam distribution: Particularly in the latter (or without using energy to vaponze the water droplets, 

latter two) applications, one can admix another soil or weed ^""'"S^ droplets from the vapor 

treatment agent with the superheated steam, since many ^"^"^ f'^"! 6""'",'"°^ ^4 is preferred, it shall be 

insecticides, fumigants, and the like are already appUed in 20 understood that such removal is not necessary and that the 

vapor form and thus can be combined, such as entrained. vapor from the steam generator can be directly fed mto the 

with the flow of superheated steam. superheated steam generator 2«. As wUl be exp amed in 

^ . , more detail later, the steam separator 26 preferably uses a 

no 2 represents a block diagram of the superheated centrifugal and condensation process to remove most, if not 

steam delivery portion 12 of the superheated steam delivery ^^^^^ ^ j^^^ ^1^^ ^^^^ 

apparatus 10. The superheated steam delivery ponion 12 ^^^^ ^^^^^^^ ^4 which results in a high quaUtv saturated 

generaUy comprises a water reservoir 22, a steam generator ^^^^ ^^^^^ ^ ^^^^^ ^ ^^e water 

24 a steam separator 26, a superheated steam generator 28 ^ ^^^^ ^^^^^^ ^ 1^ ^^^^ 

and nozzle 20. Tlie superheated steam delivery portion 12 ^^^^^ ^^^^^^ 22 along line 36 so that an efficient use of the 

also includes an electrical power supply 30 and a fuel tank ^^^^^ , ^ achieved. 

32 for supplying the necessary power to run the various ^^.^^ ,be steam separator 36 is 

components of the superheated steam delivery portion 12. ^^^^^^^^^ superheated steam generator 28 along 

The superheated steam generatmg process begins at the 44 ^ ^^^^ superheated steam is produced at the output 

water reservoir 22 which holds the water supply necessary thcTCot The superheated steam generator performs essen- 

to generate the required quantity of superheated steam for 35 tiallv the same heat exchange process as the steam generator 

treating the foliage 2. The water reservoir should have a 24 does, but typicaUy on a smaller scale. Briefly, the 

capacity to produce sufficient superheated stream so that a superheated steam generator receives fuel from the fuel tank 

desired portion of a field of plants is superheated sleam 32 aio^g li^e 46 and combines it with air to form a hot gas 

treated while mamiaining portability. In a preferred ^lixiuTC. The superheated steam generator 28 also receives 

embodiment, for example, the water reservoir 22 has the electrical power from the power supply 30 along line 48 to 

capacity to hold 300 gallons of water, which permits treat- ^un an air blower. The air blower forces the hot gas mixture 

ment of about 1-4 acres per hour when the apparatus is ^ijhin superheated sieam generator so that the 

moved at a rate of about 1-2 miles per hour through rows low moisture (dry) steam therein is exposed to the he at of the 

about 12 feet wide. continuously flowing hot gas mixture. As a result, super- 

In the first step of the superheated steam generating 45 healed steam is produced at the output of the superheated 

process, water along hne 34 is pumped into the steam steam generator 28. Thus, in the preferred embodiment, the 

generator 24 so that a sufficient amount of steam is produced superheated steam at the outlet of the superheated steam 

at the output of the steam generator 24. The rate of flow of generator 28 is at a temperature of about 800® F. and at a 

water from the water reservoir 22 to the sieam generator 24 pressure of about 50 PSI. 

should be sufficient in order for the sieam generator 24 to 50 The superheated steam at the output of the superheated 

continuously produce steam at its output without coming to steam generator is subsequently fed to the nozzle 20 along 

adrystate. In the preferred embodiment, for example, water line 50 so that the superheated steam can be selectively 

from the water reservoir 22 is pumped at about a rate of 45 appUed to the plant for treatment. The nozzle receives the 

gallons per hour (gph) to the steam generator 24. This rate superheated sieam from the superheated steam generator 20 

results in the steam generator 24 continuously converting 55 and directs, or dLstributes, it such that the flowing super- 

about 33 gph out of the 45 gph of water into sieam. Of the heated steam from the orifices of the nozzle 20 has a desired 

12 gph surplus water, about 11 gph is recycled back to the envelope shape. As will be understood, actual patterns of 

water reservoir 22 along line 36 so that an efficient use of disuibution and nozzle sizes and shapes will vary depending 

water results. upon the desired applications. In a preferred embodiment for 

As will be discussed more in detail later, the steam 60 vine defoliation, the superheated steam flowing outwardly 

generator 24 performs a heat exchange process upon the from the outlet nozzle 20 may provide a vertical or hori- 

incoming water so that steam is generated at its output. zoDtal envelope of approximately 12 to 15 inches in height 

Briefly, the steam generator 24 receives fuel from the fuel and wiihin a temperature range of about 250** F. to 500° F. 

tank along line 40 and combusts it with pressurized air to at such height. It has been found that such characteristics 

form a hot gas mixture. The steam generator 24 also receives 65 obtain optimum defoliation of grapevines, at least in the 

electrical power from the power supply 30 along line 38 in vineyards located in the Northern part of Cahfomia. It shall 

order to run an air blower. The air blower forces the hot gas be understood that the optimum envelope'and characteristics 
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of the outwardly flowing superheated steam will depend on lop ceramic refractory 566 is a circular disk in shape with a 
the particular type of foliage being treated. centrally located aperture extending therethrough and situ- 
Referring now to FIG. 3, a cross-sectional view of the aied between the lop coil of the outer spirally wound pipe 76 
steam generator 24 is shown. The steam generator 24 and the top wall S9b of the metal housing 58. The aperture 
generally operates as a heat exchanger whereupon incoming 5 of the top ceramic refractory is generally concentric with the 
water from the water reservoir 22 is continuously exposed to aperture of the top wall S9b, wherein the fire tube 70 extends 
the heat of a hot gas mixture flow to convert the water into therethrough. The bottom ceramic refractory 56c is gener- 
steam. The steam generator 24 can generally be divided into ally a circular disk in shape and is joined to the bottom two 
three portions: a burner portion 52, a heat exchanging coils of the inner spirally woimd pipe 78, thus sealing off the 
portion 54 and an exhaust portion 56. A cylindrical metal jq lower end of the inner coil 78. Such a construction results in 
housing 58, preferably made from a heavy gauge corrosion three heat exchanging compartments within the heat 
resistant aluminized steel and haxnng a side wall S9a, a top exchanging portion 54: a lower compartment 80 defined by 
wall S9b and a bottom wall 59c, encases the heat exchanging the cylindrical space within the inner spirally wound pipe 78 
portion 54 and the exhaust portion 56. The burner portion 52 and scaled at the lower end by the bottom ceramic refractory 
sits over the top wall 59b of the metal housing 58. The steam 56c; an upper compartment 82 defined as the space between 
generator 24 further includes an external pump 60 for the upper spirally wound pipe 76 and the fire lube 70 and 
pumping in water from the water reservoir 22 which is extending from the top ceramic refractory S6b to the lop of 
delivered along flowline 34 and also includes an electric the inner spirally woimd pipe 78; and a corridor compart- 
motor 62 for driving the pump 60 and for driving a com- ment 84 defined as the space between the outer and inner 
ponent of the burner 52, Preferably, the pump 60 is a positive 20 spirally wound pipes 76 and 78. 

displacement multi<ylinder pump. The outer spirally wound pipe 64 is fluidly coupled lo the 

The burner portion 52 is the portion of the steam generator pump 60 at the top coil thereof, whereby water from the 

24 which produces the hot gas mixture needed for the heat water reservoir 22 is pumped into the sieam generator 24 

exchanging process. It generally comprises an air blower 64, initially into the outer spirally wound pipe 78. The outer 

a fuel inlet pipe 66, a burner head 68 and an elongated fire 25 spirally wound pipe 64 is also fluidly coupled lo the irmer 

tube 70. The air blower 64 is coupled to the electric motor spirally wound pipe 78 at the bottom coil of both pipes 76 

62by way of a drive train (not shown) and drives the blower and 78. An outlet pipe 86 is fluidly coupled to the inner 

such that pressurized air 72 is forced downward towards the spirally wound pipe 78 at the top coil thereof and extends 

fire tube 70. The fuel inlet pipe 66 is coupled lo a valve 62 downward within the lower compartment 80 through an 

which selectively allows fuel to How from flowline 40 30 aperture within the lower ceramic refractory 56c and radially 

towards the burner head 68 by way of the fuel inlet pipe 66. outward within the exhaust portion 56 and exits the metal 

The burner head 68, which is situated within the elongated housing 58 through an aperture into flowline 42. In the 

fire tube 70, ignites the flowing fiicl using the pressurized air preferred embodiment, the outlet pipe 86 is also part of the 

72 to form a downward-flowing hot gas mixture 74, The hot continuous wound pipe that makes up the outer and inner 

gas mixture 74 is forced downward into the elongated fire 35 spirally wound pipes 76 and 78. 

tube 70 for complete combustion. The elongated fire tube 74 The exhaust portion 56 of the steam generator 24 is 

extends coaxially into the metal housing 58 by way of an generally a duct for allowing the cooled hot gas mixture 74 

aperture in the top wall S9b. exiting the heat exchanging portion 54 to flow out of the 

The heal exchanging portion 54 is the portion of the sicara steam generator 54 to the atmosphere. The exhaust portion 

generator 24 where most, if not all, of the heat exchanging 40 56 generally comprises the space between the heat exchang- 

process occurs. The heal exchanging portion 54 generally ing portion 54 and the bottom and side walls 59c and S9b of 

comprises a pair of concentric spirally wound pipes, i.e. an the metal housing 58. Thus, exhaust gas flowing out of ihe 

outer spirally wound pipe 76 and an inner spirally wound bottom of the heal exchanging portion 54 flows into the 

pipe 78. Preferably, the pipes are V4 inch IPS schedule 80 exhaust portion in the space between the heal exchanging 

pipes. The outer spirally wound pipe 76 preferably com- 45 portion 54 and the bollom wall 59c of the metal housing 58, 

prises 85 feet of pipe and measures 14 inches in outside and then subsequently flows upwardly in the space between 

diameter and 35 inches in length after coiling, llic inner the heat exchanging portion 54 and the side wall S9a of the 

spirally wound pipe 78 preferably comprises 45 feet of pipe metal housing 58. The exhaust gas mixture 74 thereafter 

and measures II inches in oulside diameter and 18 inches in exits the steam generator 24 through aperture 88 at the lop 

length after coiling. The outer and inner pipes 76 and 78 are 50 wall S9b of the metal housing 58. 

joined at the bottom of the heat exchanging portion 54, and in operation, the steam generator's pump 60 continuously 

in the preferred embodiment, the outer and inner wound delivers water from the water reservoir 22 into the steam 

pipes form a continuous single pipe that has been serpen- generator 54 initially by way of the outer spirally wound 

lined to form the outer and inner spirally wound pipes 76 and pipe 76. At the same time, fuel is delivered to the burner 

78, and has a total length of 130 linear feel. 55 head 68 from the fuel lank 32 by way of flowline 40, valve 

The heat exchanging portion 54 further includes outer, top 62 and fuel inlet line 66. The burner head 68 ignites the friel 

and bottom ceramic refractories 56fl-56c which gcneraUy using the pressurized air 72 from the air blower 64 and forms 

encase the outer and inner spirally wound pipes 76 and 78 a downward-flowing hot gas mixture 74. Combustion of the 

and insulates the heat exchanging portion 54 from cooler hot gas mixture 74 occurs while the gas 74 is flowing 

ambient temperatures. The outer ceramic refractory 56fl is 60 downward through the fire tube 70. The hoi gas mixture 74 

cylindrical in shape, concentric with the outer and inner subsequently exits the fire tube 70 and flows into the heat 

spirally wound pipes and snugly covers the outer surface of exchanging portion 54; and specifically, flows initially into 

the outer spirally wound pipe 76. The outer ceramic refrac- the inner compartment 80, wherein heal from the hot gas 

lory's cylindrical shape is preferably smaller in diameter and mixture 74 exchanges with the fluid flowing through the 

in height than the meial housing 58, and is mounted gener- 65 inner spirally wound pipe 78. The flowing hot gas mixture 

ally near the upper portion of the housing and tangeniially 74 thereafter encounters the lower ceramic refractory 56c 

alongaportionof the inner surface of the side wall 59a. The and changes direction flowing upwardly into the upper 
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compartment 82, wherein beat from the hot gas mixture 74 a smaller scale. For example, a preferred embodiment appa- 

exchanges with the fluid flowing through the outer spirally ratus has a total hourly heat release in a ^'steady state 

wound pipe 76, The flowing hot gas mixture 74 next condition" (defined for the present purposes as superheated 

encounters the upper ceramic refractory 566 and changes steam discharging from the superheated steam generator 28 

direction flowing downward towards the corridor compart- 5 at 800** F. while being supplied with about 240 lbs. of sleam 

ment 84, wherein the heal from the hot gas mixture 74 50 PSI) of approximately 350,000 BTU/hour. Larger 

exchanges with the fluid flowing through the outer and inner systems, of course arc feasible. Of the 350,000 BTU/hour 

spirally wound pipes 76 and 78. Thereafter, the flowing hot heat release, about 70% is provided by the sieam generator 

gas mixture 74 flows out of the heal exchanging portion at 24 while about 30% is provided bv the super-heated steam 

the lower end of the corridor compartment 84 and into the generator 28. Both burners of the respective steam generator 

exhaust portion 56 of the steam generator 24, whereby the 24 and superheated steam generator 28 include conveniional 

gas mixture subsequently exits the steam generator 24 as temperature controUers based on the steam output desired so 

^ ^ . , that the steam flow is regulated to be continuous during use 

The steam generator 24 is enclosed so that the hot gas apparatus. For example, the superheated steam gen- 
mixture 74 is under pressure and forced at relatively high ^^^^^ preferably has a high firing rale so as to produce 
veloaiy past the pipe coil stuface therefore maximizmg the ^ .^^^l^^ temperature required, yet 
heat exchangmg process. Of the 35.75 square feet of coiled . . .1 . -,, j i_ . 
pipe surface in fhe complete coil, onlv 24 square feet of pipe ^^'^f ^^^P°"^ ^^he^J^.^ maximum tempera- 
surface provides the actual heal exchange. Hie remaining "^'^ ^ ^^^h^- .^^ "^^^ ^ achieved by 
11.75 feet of surface are on the outside of the outer spiraUy ^ °^ ^ bi-metalhc sensing unit operating a pilot valve 
wound pipe and are not in contact with the hot gas mixture. 20 which m turn controls a modulalmg diaphragm gas valve on 
As a result, the heat exchange process lypicaUy delivers a ^^^l supply Une so as 10 provide quick response and to 
vapor to the flowline comprising of 80 percent steam and 20 control the outlet temperatures at about ±15° F. To achieve 
percent water droplets by weight. such quick response, the available heat input of the super- 

FIGS. 4 and 5 illustrate a steam separator 26 for removing heated is about 1.5 times the heat required to operate at the 

the undesired water droplets and for delivering sleam sub- 25 defined "steady stale condition." The ihermoslalic recon- 

stantially free of unvaporized water to the superheated steam trolled pilot valve is preferably water-cooled by the feed 

generator 28. The steam separator 26 preferably operates to water pump on the steam generator 24, and is isolated from 

remove the water droplets from the vapor produced by the the elevated temperatures adjacent to it. The superheated 

steam generator 24 by a centrifugal separating method, burner system will not fire unless an adequate supply of 

Thus, the steam generator 26 may comprise a metal housing 30 steam is being fed into the superheated coil through a flow 

122 having a lop wall 124fl, a side wall 124b and a bottom responsive control system, which responds to a differential 

wall 124c, and whose boundaries define a chamber 128 pressure valve on the coil inlet and transmits this difference 

within the metal housing 122. The top wall 124^7 has a in pressure to a control which opens or closes the circuit lo 

centrally located apermre 114 and a cylindrical outlet stack the fuel valve on the burner. 

124 extending vertically and outwardly therefrom and being 35 Turning to FIG. 6, a cross-sectional view of the super- 
concentric with the aperture 114. A vertical insulated sepa- heated steam generator 28 is shown in conjunction with a 
rating cylinder 110 having an opened top and bottom is suitable superheated steam control system. In order for the 
mounted to the inner surface of the top wall I24a and superheated steam generator 28 to generate superheated 
preferably simaied such that its longitudinal axis is coaxial steam at the "steady state condition," fuel along flowline 46 
with that of the outlet slack 126. is initially fed into a modulating control valve 132 by way 

The steam separator 26 further has an inlet tube 112 of a controllable valve 130. The modulating fuel valve 132 

extending outwardly from the metal housing 122 to flowline has a main fuel outlet coupled lo flowline 133 which feeds 

42, wherein steam from the steam generator 24 is brought fiiel to the main burner of the superheated sleam generator 

into the steam separator 26 by way of flowline 24 and inlet 28. The modulating valve also has a secondary fuel outlet 

lube 112. The inlet tube 112 also extends inward into the 45 coupled lo flowline 134 which allows fuel lo flow to the 

chamber 128 and tangential to the side wall of the separating burners pilot ignition system (not shown). Pilot fuel line 134 

cylinder 110. Located near the bottom of the chamber 128 is is coupled to a thermostatic recontroUed pilot valve 136 

a drain pipe 116 extending radially outward from the side which is cooled by flowing cooling water in T-flowline 138. 

waU 124i7 of the metal housing 122. The steam separator 26 The thermostatically controlled pilot valve 136 senses the 

further includes an external conden.sate trap 120 which is 50 temperature of the superheated steam exiting the super- 

fluidly coupled to the chamber 128 by way of dip tube 118. heated steam generator 28 and controls the modulating fiiel 

The dip tube 118 extends vertically upward within the valve 132 such that the superheated steam flowing out of the 

chamber 128 from about 3 inches above ihe bottom wall superheated sleam generator 28 is maintained at "steady 

124c and then radially outward around the center of the state condition" with a temperature variance of ±15° F. Such 

chamber lo the external condensate 120 by way of an 55 temperature can be verified by temperature indicator 140 

aperture on the side wall 1246 of the metal housing 122. which is situated within the path of flowline 50 at the 

In operation, vapor and Uquid from the steam generator 24 superheated steam generator output. 

Is delivered into the steam separator 26 by way of flowline With the modulating fuel valve 132 and the thermostatic 

42 and inlet tube 112. These vapor and water droplets recontroUed pilot valve 136 controlling the flow of fuel into 

circulate around the cylindrical separator 110, whereupon 60 the burner of the superheated steam generator 28 such that 

the heavier droplets are cenlrifugally separated from the "steady state condition" is maintained, a continuous flow of 

steam to leave a high quality saturated steam. The saturated saturated steam from the steam separator 26 is fed into the 

steam thereafter flows upwardly through the separating superheated sleam generator 28 by way of flowline 44, valve 

cylinder 110, through the outlet stack 126 and exits the 42 and differential pressure valve 146. The differential 

steam separator 26 into flowline 44. 55 pressure valve 146 has an upstream and downstream outlet 

The superheated steam generator 28 is similar to the for sensing the pressure of the incoming saturated steam, 

already described steam generator 24 in construction, but on Both the upstream and downstream outlets are coupled to a 
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diflferenlial pressure responsive conirol 148 by way of The exiting chamber is defined as the space bounded by 

flowlincs 147fl and 147fc, respectively. Both flowlines 147 a the second perforated bafiQe 158 and the housing 152, and 

and 1476 have water seal loops 149fl and 1496 to prevent has an opening 174 at one end where superheated steam 

any water droplets present in the saturated steam from flows out of the nozzle 20 where it is applied to the desired 
flowing to the differential pressure responsive control 148. 5 foliage 2. The sizes of the orifices 168, the perforations 170 

The pressure of the incoming saturated steam is sensed by and 172, and the opening 174 allow for the desired BTU 

the differential pressiu-e responsive control 148, which in release, temperature and velocity of the treating superheated 

turn conU'ols the controllable valve 130 such that when the steam 

pressure of the incoming saturated steam is above a selected ,jrt - , * r v. l j ^ t- 

level the differential prLure responsive control 148 opens ^° defoliauon apphcations of the superheated steam del ly- 

the controUable valve to aUow fuel to flow to the modulating '° apparatus 10 for grape vmes, the nozzle 20 preferably 

valve 132. On the other hand, when the pressure of the tracks on the vme 2 in such a way that the superheated steam 

incoming saturated steam is less than the selected level, the ot approximately 250' F. to 500** F. envelopes the vme 2 at 

differential pressure responsive control 148 shuts the con- t^e desired distance. Thus, it is desirable to connect the 

troUable valve 130 so that fuel is prevented fi-om flowing nozzle 20 so that it can easily move in and out to track the 

into modulating valve 132. Thus, only when the pressure of vine 2 at the desired distance from the vine. Therefore, in a 

the incoming saturated steam is above the selected level, wiU preferred embodiment, all connecting lines of the super- 

the superheated steam generator 28 be operable. Sealed steam delivery apparatus 10 are flexible; this includes 

Once the superheated steam exits the superheated steam ^^^er lines 34 and 36, the steam lines 42 44 and 50, the 

generator 28, it flows into the nozzle 20 by way of flowline PO^'^^ l^^es 38 and 48. and the fuel bnes 40 and 46. 

50. The superheated steam so delivered typically will consist So that the nozzle 20 may be easDy positioned for treating 

essentially of water vapor and air (e.g. is without combus- the foliage 2, the use of hydraulic sensing or mechanical 

tion gases generated from the burner). However, sensing to move the nozzle in and out can be employed. For 

insecticides, fumigants, drying aids, or the like can be example, a parallel link arm assembly holding a ski along 

combined with, or entrained in. the flow of superheated the vine trunk to correctly position the nozzle can be used, 

steam so as to efiSciently treat the desired soil or organism Such an assembly is known to the art in connection with 

in one operation. Thus, agents to be entrained in the flow of grape harvesters. 

superheated steam will typically be injected into flowline 50 Returning to FIG. 1. the nozzle 20 is illustrated for 

after exiting the steam generator 28. selectively delivery of superheated steam above the soil. 

The nozzle 20 is designed so that the superheated steam such as adjacent to leaves of above-ground plants; however, 

flowing out of the nozzle 20 provides for equal distribution as already described, superheated steam can be used to kill 

of the discharged steam across the height of the nozzle exit undesircd organisms such as weeds on the surface of the soil 

and at a velocity sufficient to carry the superheated steam out or undesirable nematodes within the soil. When killing 

to the desired distance and desired temperature without weeds above ground, one can position nozzle 20 several 

undue infusion of cooling ambient air. The temperature of inches above the soil surface and permit the superheated 

the discharge from the superheated can be varied to elevate steam to be delivered adjacent to the soil surface. Post- 

or lower the superheated stream temperature conditions and emergent weed control in accordance with the invention has 

still achieve the desired temperature at ihe desired distance. experimentally demonstrated with such recalcitrant weeds 

Referring to FIG. 7, a cross-sectional view of the nozzle as Bermuda grass and morning glory. Surface rhizomes and 

20 is shown. The nozzle 20 comprises an inlet tube 150 for seeds of these weeds were also killed or their ability to grow 

allowing superheated stream to flow into the outlet nozzle 20 retarded. 

from flowline 50. The outlet nozzle 20 further has a housing Turning to FIG. 8 where the inventive apparatus is used 

152 having walls defining a space within which has been to kill insects or their larvae within soil, then the apparatus 

partitioned into four separate chambers by a manifold 154 can include another means for distributing superheated 
and a pair of perforated baffles 156 and 158. 45 steam, such as a plurality of knives 200 mounted on a bar 

In operation, superheated steam enters the nozzle 20 into 202 and spaced from each other, such as by a four inch 

the first chamber 160 by way of the inlet tube 150. The first spacing. Bar 202 as illustrated may be a standard A-frame 

chamber 160 is defined as the space bounded by the waUs of toolbar conventionally known and used with apparatus such 

the housing 152 and the manifold 154. The manifold 154 has as a cultivator and fertilizer side dressing sled. These knives 
a series of orifices 168, preferably equally spaced along the 50 can be drawn through soil to a depth, for example, of about 

manifold, to allow equal distribution of superheated steam to 24 inches, while emitting superheated steam delivered 

flow from the first chamber 160 to the second chamber 162. through a nibc to orifices (not illustrated) along one side of 

The second chamber 162 is defined as the space bounded the knives. More shallow injections than a depth of 24 

by the manifold 154, the housing 152 and the first perforated inches, of course, may be found suitable, and the spacing 
baffle 156. Superheated steam entering into the second 55 between the knives may be adjusted as desired. For example, 

chamber subsequently flows into the third chamber by way strawberry beds would typically only need soil penetration 

of perforations 170 on the first perforated baffle 156. The and superheated steam injection in a range of about two 

perforations 170 on the first perforated baffle 156 arc pref- inches to about ten inches, although for fumigating appli- 

erably spaced throughout the entire surface of the first cations in general one may wish to penetrate the soil and 
perforated baffle 156 to allow equal distribution of super- 60 i^J^ct superheated steam in a range of about 2 inches to 

heated stream to flow into the third chamber. about 20 inches. 

The third chamber 164 is defined as the space bounded by By increasing the temperature at which the superheated 

the first perforated baffle 156, the housing 152 and the steam is selectively delivered to in the field plants, one can 

second perforated baffle 158. Perforation 172 on the second also increase efficiency for fruits intended to dry (or partially 
perforated baffle 158 are similar to that of the first separated 65 dry) in the field before harvest, e.g. prune plums and raisin 

baffle 156 so to allow equal distribution of superheated grapes. For example, by contrast to use of superheated steam 

steam to flow into the exiting chamber 166. in grape vine defoliation where damage to the young grape 



